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PHE    TOXICITY    TOWARDS    ANTHRAX    AND    STA- 
PHYLOCOCCUS,   OF    SOLUTIONS    CONTAINING 
PHENOL    AND    SODIUM    CHLORIDE 


BY   J.    S.    LEMON 

The  following  expeiiments  were  carried  out  in  the  patho- 
pogical  laboratory-  of  the  University  of  Toronto  in  the  winter 
of  1905-6,  under  the  supervision  of  Prof.  J.  J.  Mackenzie, 
-vith  solutions  suppl'ed  by  Prof.  W.  Lash  Miller. 

Cultures  of  the   "potato  bacillus"    («.    nwscnlcriats)   of 
lanthrax  (B.  aiilhracis)  and  of  Slaphylocoaus  pyo^aws  aureus 
Iwere  grown  on  agar,  the  colonies  washed  off  the  agar,  without 
jbreaking  its  surface,  by  0.6  percent  salt  solution,  and  the 
■suspension  let  stand  (sometimes  centrifuged)  so  that  clumps 
might  settle  to  the  bottom.     A  second  measured  portion  of 
the  0.6  percent  salt  solution  was  then  infected  bv  from  one 
lo  three  loops  taken  from  the  upper  portion  of  the  suspension  ■ 
pis  constituted  the  "second  suspension,"  in  the  case  of  potatti 
fepores  and  anthra.x  spores  it  was  heated  to  70=  C  to  destroy 
K'getative   forms.     In   the  poisoning  experiments.    ,0   cc  of 
Ihe  toxic  liquid  was  inoculated  with  a  loopful  of  this    •second 
fcuspension"  and  the  time  noted;  to  ensure  that  a  good  axera<^e 
Hample  should  be  removed  for  the  inoculation,   a  mixing-rod 
vas  kept  in  the  suspension  tube,  and  the  liquid  was  tl-or- 
bughly  stirred   before  a  loopful   was  remo^•ed.     The   ,)oisnn 
Vas  then  left  to  stand  at  room  temperature,  or  in  an  incubator 
►nd  at  measured  intervals  of  time  a  loopful  from  it  was  added 
|o  10  cc  agar  jelly,  which  had  been  melted  and  kept  at  45  ' 
^.;  this  was  poured  into  a  petri  dish,  allowed  to  solidify    and 
put  away  m  the  incubator.     The  number  of  colonies  that  grew 
a  measured  area  of  the  plate  was  taken  as  a  measure  of 
he  number  of  cells  left  lixing  in  the  pois.m  at  the  time  the 
|gar  was  infe(;ted. 

The  usual  precautions  Were  taken  against  accidental 
nurtion  tubes  and  instruments  were  sterilized,  tubes  plugged 
fith  cotton  wool  which  was  "riumed"  before  removing    etc 
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and  the  loopfuls  of  suspension  were  measured  out  with  the 
"machine."'  "Neutral  agar"  holding  1.5  percent  agar-agar 
was  employed,  and  the  cultures  were  in  all  cases  grown  on 
the  same  agar  as  that  used  for  the  plates,  for  fear  there  might 
be  some  diffc  "e  in  the  preparations  made  up  at  different 
times— although  in  every  case  the  same  recipe  was  followed. 
..och  has  shown  the  need  for  this  preacution  in  his  experiments 
with  iodine,  which  he  found  would  act  well  in  a  neutral  medium 
containing  a  trace  of  albumin,  but  not  nearly  so  actively 
in  an  alkaline  medium  containing  more  albumin. 

Preliminary  experiments  were,  of  course,  necessary  in 
order  that  the  number  of  colonies  grown  on  a  plate  might 
be  suitable  for  counting.  In  the  case  of  staphylococcus,  for 
instance,  one  cc  of  0.6  percent  brine  was  added  to  a  24-hour 
old  pur-  culture  and  shaken;  the  second  suspension  was  made 
by  adding  three  loops  of  the  first  to  5  cc  of  the  brine,  and 
10  cc  agar  was  infected  with  one  loop  of  this  second  suspension 
The  plates  were  so  thickly  sown  that  a  count  could  noi  bt 
made.  The  procedure  was  varied  by  using  5  cc  salt  solution 
for  the  first  suspension  and  10  cc  for  the  second,  but  the  plates 
were  still  too  thickly  sown.  Finally,  by  using  10  cc  for  the 
first  and  10  cc  for  the  second,  a  satisfactory  count  of  7300 
colonies  was  obtained;  the  i)hites  had  an  area  of  63  to  64 
square  centimeters,  and  the  number  of  colonies  on  12  cm 
of  each  plate  was  counted. 

The  .spores  were  used  instead  of  the  vegetative  forms  ci 
anthrax  and  potato  bacillus  because  the  former  are  nuieli 
more  resistant  to  phenol,  and  thus  enabled  the  experiment- 
to  be  made  witli  higher  concentrations  of  the  ])oison.  It  w.i- 
hoped  that  the  innocuous  potato  sjiores  might  l)e  used  instead 
of  the  \irulent  anthrax,  and  i)reliniinary  experiments  showcl 
that  msuiar  as  their  resistance  is  concerned,  this  is  quii. 
feasible;  but  it  proved  too  difficult  to  prepare  a  uniform  coi 
staiit  culture,  while  the  very  characteristic  qplonies  of  tin 
anthrax  made  it  easy  to  ])rocure  and  maintain  a  pure  strain. 
and  in  the  end  work  with  the  potato  bacillus  was  al)andone'i 
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Spores  of  the  potato  bacillus  were  obtained  from  a  pure  cul- 
ture on  agar,  by  incubating  at  34°  C  over  night  and  then 
leaving  four  days  at  room  temperature  (19-20°  C);  anthrax 
spores  by  incubating  the  culture  for  16  hours  (when,  accord- 
ing to  Koch  spores  begin  to  form)  and  then  letting  stand  at 
room  temperature  for  48  hours.  This  procedure  worked  well 
in  practice,  though  some  observers  place  the  optimum  for 
spore  production  (anthrax)  at  31°  C  and  others  at  24-35'  ^• 

Resistance  of  the  Spores  to  Higrh  Temperature 

To  compare  their  resistance  to  high  temperatures,  capil- 
lary tubes  were  filled  with  the  second  suspensions  of  potato 
spores,  and  anthrax  spores  respectively,  their  ends  were 
sealed,  and  they  were  plunged  into  boiling  water.  After  a 
measured  interval  they  were  removed,  broken  into  sterile 
broth,  and  the  growth  noted.  In  the  case  of  the  potato 
spores  there  was  a  heavy  growth  after  2  minutes  at  100"  C, 
u  smaller  growth  after  4  minutes,  and  a  slight  jTowth  after  6 
minutes,  but  none  after  8,  10  or  15  miimtes:  in  the  case  of 
anthra.\.  also,  some  were  found  alive  after  6  minutes  immersion 
in  the  boiling  water. 

Effect  of  Temperature  on  the  Rate  of  Poisoning  by  Phenol 

That  the  resistance  of  the  potato  spore  to  phenol  is  much 
the  same  as  that  of  anthrax.  Tiny  oe  seen  by  comiiaring  the 
following  measurements  with  those  given  later  for  anthrax 
spores;  the  immediate  object  of  tl  is  set,  however,  was  to  as- 
certain how  much  effect  the  temp>'rature  of  the  poiscm  bath 
had  on  the  time  it  took  the  potato  spores  to  die.  Solutions 
were  made  up  containing  2.^.  3.0.  and  3.5  percent  of  phenol, 
rvspectively,  and  10  cc  of  each  of  them  was  inoculated  with 
■n\v  loop  of  the  potato  sjiore  suspension,  and  kept  at  room 
Uinperature  for  two  weeks,  plates  being  poured  each  daw 
.\--  a  control,  one  loop  of  the  same  suspension  was  added  to 
!■ '  >c  of  0.6  percent  salt  solution  at  the  same  time  as  the  others. 
>.  mints  of  i)lates  madt  immediately  after  inoculation  showed 
no  less  luimhers  than  the  control.  ( )n  the  second  day.  a  \  erv 
^Ii,i,'ht  reiluctif)n  in  the  number  of  colonies  was  observed  on 
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plates  from  the  3  percent  and  3.5  percent  phenol;  on  the  third 
day  the  decrease  was  more  marked,  and  there  was  also  no- 
ticeable a  c:  .'crease  in  the  number  of  colonies  on  the  plate  from 
the  2.5  percent  phenol.  On  the  fourth  day,  all  the  plates 
still  showed  colonics,  but  many  fewer  than  the  control,  es- 
pecially in  those  infected  from  the  3  and  3.5  percent  phenol. 
For  seven  days  the  numbers  continued  to  fall  off,  but  even 
after  the  poisons  had  acted  for  fourteen  davs,  plating  showed 
that  some  of  the  cells  had  survived. 

The  e.vpcriment  was  then  repeated,  using  0.6  r  rcent 
salt.  3.5  percent  phenol  and  4.75  percent  phenol,  but  keep- 
ing the  n.)ison  tubes  in  the  incnl)ator  at  34'  C  instead  of  at 
room  temperature.  The  results  were  as  folkn.s  (20  cm ' 
counted  on  each  plate ) : 

/ ■.>>;...  in  p,,iMm     ,         2,4       5       f,       ;     s     j,    luuirs 
^.=;   ,  plKtu.l        121      ,,,S     ,sS       57     4'"     .vS     is     </       ..    oolonks 
4  75   ,   plHIKll        ..5        ,,      ,,  .,        ,        ,        „     _,       ,,    ^,„i,,„i^,., 

<)■''   ,   .NaCl  ""S'  iK>i  ,c.         1 

'  -   -  -'^'^  -  -     --     -  .;.S7    I'olonu's 

Thus  a  i)henol  solution  that  will  not  completelv  kill  iK)tatn 
spores  ill  fourteen  davN  at  19  jo  C  will  kill  all  l)Ut  a  few 
strauKlers  in  eight  hours  at  34  C,  and  tv.n  tiuse  most  re- 
sistant iiHJividtials  in  twenty  tliee  hours. 

\\itli  stai'hyloioceus  similar  results  were  obtained   leul 
tiire  \((    (>  usirji: 
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Another  series  with  staphylococcus,  culture  Xo.  7,  gave 
analojjous  results: 


2       5     7 
—     752     « 


Staph,  in  |X)ison 
0.7',  ph.  at  ^54  - 

<!.;'  ^  ph.  at  21  - 

-2^C  ---         

u.,s',  pli.  at  .vs" 

V.     ,  '7«f^.l     47  2-^ 

ii.S' ,  pli.  at  21 

22"  C  —       

1.0' ,  pli.  at  ^v?  - 

I.')' ,  ph.  at  21. s' 

C  '  - 


10 
o 


20       30 


40  50  mill. 
-      -  -  col. 


2HXK)    n2f,4  4582   936    l<,9    I,,    col. 
o     --       —     --     ,,   col. 

I48()2       5i).S  T,        1        ,,     „   col. 

o  -       --.       -^ ^.„| 

2112  mill.  2  col.,  15  m.  ((  col.) 


Effect  of  Salt  on  the  Toxicity  of  Phenol  towards  Anthrax 

Spores 

In  the  following  tahjes  the  solutions  are  arranged  in  the 
order  of  the  concentrations  of  the  solutions  of  phenol  in 
toluene  with  which  they  are  in  eciuilihriuin;  the  niunhers  in 
(.rackets  give  the  composition  of  the  cheinieallv  e(|uivalent 
-oluti.ni  of  ,,henol.  that  is.  the  composition  of  the  solution  of 
plicnol  in  water  ,with(.ut  salt)  which  would  he  in  e(|uilil.rium 
with  tlic  same  toluene  solution  I'or  instance,  after  -i.) 
IHicnt  p],  5  percent  XaCl"  the  nuinher  •■120  '  signities 
ili.it  a  soluti,,,,  containing  2,6  grams  .,f  iiheiiol.  .md  „o  salt, 
jHT  Imndred  cc,  and  a  solution  containing  i  9  g  i)lienol  and  s  <> 
-  Nili  i.er  hundred  cc,  wmild  1„.  j,,  e(|uilil,riuni  with  the  vmic 
-'li'lioii  of  phenol  in  toluene. 

In  the  first  set  of  esperinients  the  jioison  tulus  were 
""""'•'l"l  fn.m  a  suspe.iMun  of  anthnix  sp,,ns  tl,.„  !,,„i  Ihci 
'i''i"i  I"  7"    C  for  ,(.1  minutes. 
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As  it  seemed  probable  that  the  low  counts  might  be  due 
to  the  i)rolonj,fed  heating  at  70'  C.  in  the  next  and  in  all  sul)- 
se(|uent  work  the  suspensions  were  heated  to  70°  C  for  20 
minutes  only.  The  counts  so  obtained  were  much  higher; 
but  that  may  be  due  in  part  at  least  to  a  change  in  the  way  of 
counting,  for  in  the  first  series  colonies  growing  at  a  depth 
in  the  agar  had  not  been  counted,  they  differed  in  appearance 
from  those  on  the  surface  and  it  was  feared  that  the  culture 
was  not  ])ure. 


/'.  ((«///.  in  poi^iiii  js 

r,./,  ph.  +  V,    NaCl 

I -'.(')  IS? 

,;.(i'  ,   phriKil  iSj 

,^,s'  ,  phiiiiil  ii)^ 

:.<  ,  ph.  --i-  5'  ,    NaCI 

'S.CI  ;,s 

1.1;'  ,   pli.  -+    ici'  ,    Nat^'l 

I'l'  i.?7 

.(.<i'  ,   pheiiiil  \i>i 

-^S',   l)li.  +   ui'  ,    XaCI 

<5l  :: 


1        J  .^  4     s  '17  liour-i 

75    i,;c)  5,s  57   77  11)4  41)  culoiiies 

174    ini  ,s,S  c)-   Si)  75    s'>  Cdli mil's 

1  _\S  4i>  '^7   -^  >  ,><i  .1*1  e<i!iiiiit-s 
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In  the  third  series  tin-  siispcnsion  wa'^-  tlioroughlv  ciiitri 
fuged  after  lieatitig; 


/'.  inuh,  in  pdison  jn  ni.        r 

!,(,'  ,   ph.    •    ;;'  ,    \a(.'l 

;.d'  ,   pluiidl  I .'  I 

.;  s'  ,   phelidl  I  |.) 

-'-s'  ,   pli.    ^    y'  ,    N.iC'! 

">'"  i».s 
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-'■S'  ,    [ill       '      Id'  , 

Nafl  (SI  7>* 
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I ,!.(  114  s  I  (0  |S  14  .■■  4    (1  Cdlonics 
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id7  c)d  .)S  I  _>  17  I,)  ^  0  roldnies 

I  S  (  '/d  I  I J  IS  IS  14  Id    ;  iDldiiit  s 


<>:      (I      SI      7      s      7      .' 
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I'dldnits 
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d       d    d    I'dldllU  s 


-  I 


The  fourth  stt  were  carried  out  under  the  same  eoudi 
tiuiis  a^  the  third,  the  feiiiperature  of  the  incubator  xariid 
from  ,^7..s    C  to  4.'    C. 


.-f^-Ay^^m.. 
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/.'.  ,7H//r.  in  poison  15  ni.        1        J     .?     4     s     6     7     '■' lumrs 

'■'/.  Pli.  +  5',  -N^Cl 

'-•'''  '7''  7^     7-   .1'    7"  5'»  4^  4:!  40    roloiiiis 

.>•'<;-    ptH'Ilol  ,,S  1S4     14,,    70    6,     5,    ;,    ;:;    :;;;      c.„!„„i,.s 

'•■^   '  Plii'iol  I7<i        if'i    liS  i;()  54   27  4j   4S  4s     cDlonits 

.'.,s',  ph.  4-  s',  N'iiCl 

'•^•'^''  '79         7''^     7-   ,ii    70  S')  4''^  4-'  41)    c-oloiiiis 

1.1/.      I>li.     4-      10', 

NaCI  i.^.g) 

4.0' ,  plu-iii)l 

25',        Pll.        +         H>', 

NaCl  I, si  <)u 


I-'-         -)<>     ;w    10   10     4     I     4     J    coliinifs 
I'll*       ii,s     5"^  '14   II'  -!  1    i'>   17    II     Cdlor.ii's 
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Coii'parisoti   of   thi'si'   four   m't^;,   slio 
workiii;:  with  ovcry  cau\  (hiplicatu  riMilts  are  not  to  I 


oviii   wlim 


l)C    IX- 


pirlid;  the  troul)li'  lies,  no  doiilit.  in  the  iineviii  (li-,trii)uti 
of  the  s])ons  in  the  susiuiisions  from  which  nieaMired  vol 


ire  taken  fi 


nnies 


or  inoenhition  and  for  eultun 
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le  lesu 
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ever,  leave  no  doubt  that  the  toxicities 


of  the  i)lienol-salt  sohi- 


free  e(inivalents 


tions  are  ahont  e(juul  to  those  of  their  sail 

.\  fifth  set  was  inidertaken,  inchidini;  i  22  ])erceiit  jiheiiol 
with    10,    IS   and    ;u  percent   salt.      In   this  case   the  culture 
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H.  anth.  in  poison  \{^) 

1.22' ;    pli.    +     10'  ' 

NaCl  (2.1) 
2.,s'  (  phenol 
3.0'  ',  phenol 
1.22';     ph.     +     15', 

XaCl  (,v<))  117     40 

3.5'  <  phenol  140   io() 

4.0';  phenol  ,sS     14 

:,.o'  ,  ph.  +  3'  ;  XaCl 

■ )  .so 

,-'-••   ph.  +  20', 

..aCl.-  +  ')        ,; 


8  hours 


1141  872  7«)  445  ,^10  ,<Si  274  2.s,S 


673  220  257  357  171  120 
,^8i  142  186  124  78  55 
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)  colonies 

>  colonies 


Effect  of  Salt  on  the  Toxicity  of  Phenol  towards 
Staphylococcus 

This  form  was  chosen  for  the  experiments  with  lower 
concentrations  of  phenol.  Colonics  on  a^ar,  24  hours  old 
were  washed  off  with  0.6  percent  brine,  and  suspensions  made 
as  already  described;  of  course,  the  lieatinR  to  70'  C  was 
imiitted.  All  infections  were  made  with  the  "machine," 
nsin^'  a  small  platinum  tube  as  "looj)."  The  ])oison  acted 
at  room  temperature;  o  (>  percent  NaCl  was  used  as  control; 
the  various  cultures  are  distiufjuislied  l)y  numbers. 

I'relimitiary  experiments  with  i.o  peri-enl  iihend  showed 
that  the  time  re(|uired  to  kill  all  the  cells  was  the  same  whether 
tin  ])()isou  was  infected  by  a  l.ir;;e  or  a  small  number  of  celK. 
and  that  a  culture  47  liours  old  ,i,',ive  about  the  same  result- 
as  one  24  Ihuus  old. 


>l,ipl:.  in  p(ii--iiii 

•     ■'  ,    pll.,  ruU,   No.    1. 

|ili.,  I  lilt.  No.  5, 
-M  ^     C 
i.m'  ,   ])!;..  .-ult.  No.  (,. 

.■4.5  «.' 
I  I)'  ,  i)!i.,  I  lilt.  No.  7, 

-■4  s'  t.' 
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)}.(>'  ,    N.iCl.  iiiU.  No. 
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With  cultures  Nos.  4  and  5,  the  machine  was  used;  with 
the  others  the  "biological  lift,"  giving  a  much  heavier  in- 
fection. Culture  Xo.  9  had  been  grown  on  agar  for  47  hours; 
all  the  others  in  this  paper  for  24  hours  only. 

Kxperiments  were  then  made  to  find  the  range  of  phenol 
concentrations  within  which  poisoning  takes  place  at  a  con- 
venient rate;  next  the  effect  of  sodium  chloride,  without 
])lienol,  was  tested,  and  then  comparison  was  made  of  the 
toxicity  of  o.cS,  0.7  and  0.6  percent  phenol  solutions  with  their 
chemical' cfiuivalents,  viz.,  solutions  containing  2.0  percent 
salt  and  0.72,  0.63  and  0.54  percent  phenol,  resjiectivelv. 

It  soon  became  evident  that  experiments  carried  out 
under  what  were  intended  to  be  identical  conditions,  gave 
\  ery  different  results.  ( )ne  cause  of  variatitm  lay  in  the  fact 
that  ecjual  volumes  removed  from  the  same  sus])en>ion  contain 
\  aryiiij^  mimbers  f>f  cocci  for  instance,  three  plates  prepared 
at  the  same  time  each  from  10  cc  of  the  same  a^ar.  infected 
ifi  each  case  with  the  same  volimie  of  sus]H-n'^ion  lone  loop 
taken  with  the  machinei,  gavt'  .s.ws.  5791.  (117,^  colonies,  re- 
-jHrtivily,  being  a  variation  of  \G  jKrceiit  from  the  highest 
to  the  lowist.  The  ])rincipal  cause,  however,  ob\  iouslv 
lii-  ill  the  variability  of  the  staj)hylococcus  itself,  witli  culture 
\"  J<)  for  iii^^taiice,  the  time  rcijuiri'd  for  conijilete  steriliza- 
tinii  hy  <),()  iKTceiit  phenol  was  nearly  twice  a--  long  a-  with 
<  !ilHiU'  .\d.  J2.  altiiouKh  in  the  first  ca-^e  tlie  temi)erature  wa-~. 
II  ativthinji,   I  little  higher. 

In  order  to  compare  tlu  lo\icit\  of  different  solutions, 
ilurriorc.  it  was  mcessarx  in  e\ery  case  to  i-arr\-  out  siimill;,- 
iiii'ii--  I Apirimcnts  with  the  same  suspension;  ati<l  as  Ijtit  littli' 
_iii(l,iiKi  Kuild  be  obtained  from  ])re\ioiis  e\])irimint--  with 
ilic  -.mu  iioison  l)Ut  a  (hffennt  culture,  a  gnat  manv  plates 
\irr  poured  which,  on  incul)ation,  tiinuil  out  to  lie  sterile. 
Ml  Mils  added  greatly  to  llie  amoinit  of  work  and  time  re- 
'i'iiiid  loobtain  results;  and  if  work  of  tliiv  kind  is  to  Ik-  uiider- 
'  ''^'!l  lui  any  consider  able  scale,  it  will  be  lucessarv  first  to 
I  M.l  -iiiiH'  criterion  of  deatli  which  involves  kss  d<lav  than  the 
'  iiin-  iiutliod,  and  second  to  find  conditions  unckr  which  the 
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microbes  experimented  with  can  be  grown  "true  to  type 
from  the  toxicological  point  of  view.  In  comparison  with  tht- 
loss  of  time  caused  by  the  lack  of  these  requisites,  an  un 
certainty  of  20  percent  or  so  in  the  number  of  cells  introduceii 
into  the  poison  is  of  little  moment ;  and  it  is  obvious  that  a  mori 
accurate  regulation  of  temperature  during  the  action  of  tlu 
poison  can  easily  be  attained  by  the  use  of  a  suital.>le  thermostat 


40        50         70  mm 

—  4299,5  y)(>v>  col. 


Si:i.ixTi().\  oK  Tiiic  R.woi;  of  Conci;ntr.\tioxs 

Staph.  -V.'.  S  in  poison 

0  5        10     15         20         ,VJ 

0.25' ,'  phenol,  24.5°  C 

44077  -  -         --  ,S53I5 
o.so'  (  phenol,  24.5°  C 

-   -  4,V>^-t      ■  .iio.V)  ,S,So,?2   4974'   4'''-y  col 

i.o'  ,   piii-nol,  24.5"  C 

i6()27  7,^     o         -  --         -—  -         — -col 

0.0',   NaCl,  24.5'  C 

,V)7i'  -         -—     ^         '-^  4';7^4         —         —  43046  col 


.'^ttiph.  .\(>.  hi  in 
pdison 


40       '■()       70       So       90     ux)     110     1 20  nun 

-    -  -(KX)  --     757,5  ' -'    ''427  -    -  I'ul. 


<i.2,5'  ,    ])ln!:o1, 

room  tiin|). 
u.s'  ,         |i1riiii1, 

riKini  tiirp.        lo^oo  75119  <>(>'■,'  ''205  24f<s>.ol 

<,.(>'  ,  .\aCl. 

HMini  tt  nip.         '^"14,5  -       -^      -  -  -  7004       -  col 


■'tiip'i:.  .\.'.  /()  in  ])oison 
1.:^'  ,  pluiiol,  room  uni]). 
).5()'  ,  pliir.o!,  room  tiinp. 


57-7       "      ^,=i'*'  !'>>?<    >'"' 

1,527  1209  -     I'ol 


111  the  cxpiTimciits  with  culture  No.    10,  the  room  tcin 
perature  \arie(l  from  20    C  to  24     C,  but  as  the  tubes  stooi! 
close  together,  and  i)latc>  were  poured  from  them  alteniatel} 
the  results  ari'  coiiiiiarablc. 

Comparison  of  0.80' ,  Phenol  with  Its  Chemical  Equivalent 

The  eipiivali'nt  contained  0.72  jiercenl  jihenol  and  2  ■ 
percent  salt.  After  "control"  is  given  the  nunilier  (<f  colonii  - 
counted  on  jjlates  from  a  o.()  percent  salt  solution  infecti  I 
at  the  same  time  as  tlu'  jioison  li()uids;  usually  one  plate  froi  1 


S'^O 
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this  salt  solution  was  poured  immediately  after  inoculating, 
and  another  towards  the  close  of  the  poison  experiments. 

Cnlttiri'  No.  17;  Uiii]).  J2°  C.     Control:     7irS,  8175  col. 
>:rph.  in  poison 

,S         '1       10   I  I  .  s        i.s        i'>       20       2  1     ,V)  40  50  67  niin. 

M.Mi'  ,    plll'llol 

f<2ii)       -      7191  60S4        --  2S64  7.',4  44     0     o  col. 

Ivijiiivaleut 

7o,s8  -    572S       '  -   iSi<> 
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742      o     0     0  col 


Culture  So.  i.S;  temp.  jo°  C.     Control:  854')  after  .^  niin.,  10SS2  after 

5  min. 
>/a Wi.  in  Jioison  5  10        1  ,S        21)       ,v'     40  ,S,=;   '«)   ;o  min. 

o.8r)' ,  pliinol  10426     S4(X)  6428  ,:^75s     ,vS<)       (>     o  eol. 

i;(|iii\alelit  10927    i(;f)92  f)i()<)  5,S4,i   28(14   2((^    11      8     ,^  col. 

Cnltnre  No.  29;  temp.  24   27"  C.     Control:    10500  eol. 

.^.Mf//.  in  poison  5        10     i:;     20     ,s"     40  55  70  min. 

o.So' ,   plienol  v:o9     ,V)9        i        o       o       o  o  o  eol. 

I{i|ni\alent  2546        ;;s      ,(8        4        o        o  o  o  eol. 

Towards  culture  No.  17,  the  phenol  and  its  equivalent 
I)ro\e(l  e(|ually  toxic;  hut  towards  Xos  iS  and  29,  the  "c(|ui\a- 
Kiil"  was  less  toxic  than  tlie  pure  phenol  solution. 

Comparison  of  0.70' ,  Phenol  with  Its  Chemical  Equivalent 

Tile  ecjuivalent  contained  0.6;?  percent  phenol  and  2.0 
IHrccnt  salt. 

».  iilture  No.   14:  t.ni]).  21°  C.     Control:     7828,  0555,  r>4<^!     col. 
'^I:ipii.  ill  poison 

'"  .i        '.S     2?   24.  s     .1,1  .11  -44  4,S   '11  more,  to  (jS )     min. 
■'To'  ,  pliiiiol 

.1184        ^      ^74       -      142  ?  0  eol. 

I''i|ui\;ilent 

2j(t2     ■    ■     970  82  ,?  o  eol. 

The  followinj;  exi)criinei>«  was  carried  out  at  the  same 
unir,  with  the  same  culture  and  controls,  to  compare  the 
elUet  of  o..')  and  0.7  i)ercent  phenol. 

^:.:rh.  in 

i";'^""        '"  -'2   i       .^1       42  52  .S  ("-'..S  72   s  So  ,86.5  <,6.s  min. 
'   '»  ' ,  |>li.  .S4'")  4'>73  ,U,?4  .VW)  2o<>5     914     419  41        25       ij  eol. 


■•W;5»j^t-''-^.l3^' 
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culture  Xo.  14, 
^tiiph.  in 

poison  14       15  23.5     24  ;,4.,s  3,S  44  4S    ftc,  to  66  min. 

0.70',  phfnol       —1994       51      -■         0     -     o—         o  col 

l'.<|uivalent         i.jSo       —       -~^<,\i       —     y—     o         o  col. 

Culture  No.  16;  temp.  22°  C.     Control:  54S9  after4  min.,  5441  after 

6  min. 
."^tiipli.  in  poison  10       20       ,^o       40     50     60  70  85   um  min 

().-(/  ,   phenol  2S96     <)S()       22  2       o       o     o     o       o   col. 

ICquivalent  2604  2198   1604   1591   680   1,^5  66     5       o   col. 

Culture  Xo.  27;  temp.  2,;  24'  C.     Control;  a\x.  067^  colonies 

S((i,'^7Mn  poison  u     21     y,     40     50     60     7.S     90  niiti 

0.70',  phenol  127;,      II        o       o       0       0       a       o  col, 

Iviuixaleiit  167     40       u       „       ,,       ,,       „       ,j  j,,,| 

Culture  Xo.  ,V);  temp,  i.)  25°  C.     Control:  av),'.  1016^  colonies 
>.'.)f/;.  in  poison  A>         2.)     ,m>     40     50     f.o     75   '  q„     10,   min. 

<)_.7</,  phenol  7<)',7      i4,h)      ',7       o       o       o       o     O         <,   col. 

Ivciiiivaleut  127.?  n,       o       o       o       o       o       o         o  col. 

The  five  cxiJcrinicUs  with  culture  No.  14  were  carried 
out  at  the  satue  time  and  uiuler  the  same  conditions;  th(M 
with  Xos.  27  and  t,<,.  toj;ether  with  the  ex])erinicnts  <m  o.f.., 
])erceiil  i^lieuol  Kiveii  below.  Towards  cultures  14  and  27  tli- 
phent)l  solution  and  its  e(|uivaleiit  are  equallv  toxic:  toward- 
Xo.  U,  the  e(|uivaleiit  was  very  much  less  toxic,  while  toward- 
Xo.  ^?<)  the  e(|uiva!ciit  seems  to  he  somewhat  more  toxic  than 
the  ]nire  phenol  solution.  thoii.<;h  the  unsteadiness  of  the  ten 
pirature  renders  this  conclusion  uncertain.  In  comparison 
with  the  dillVreiice  hetweeii  the  death  rates  with  0.7  pemi  ■ 
and  <>.(.  ])ercciit  phenol,  however,  the  0.7  j)ercent  iihcnol  aii.i 
its  chemical  cfiuivalcnt  come  very  dose  toi;etlier.  excejjt  n 
the  cxjjeriincnts  with  culture  Xo    k,. 

Comparison  of  0.60' ,   Phenol  with  Its  Chemical  Equivalent 

The  eciuivaleiit    contaimd  054   percent    iiluiiol   and    -' 
percent   salt.     (iwiii,u   to   the  unexpected   risults  ohtaiiud. 
Iar),H'   mimher   of   ex])enmeiits   wire    made    in    the   course   -: 
which  fresh  solutions  were  made  up  and  the  old  ones  wi : 
reanalyzed,    the   tubes,   etc.,   used   in    the   experiments   wi   , 
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exchanged  for  others,  and  every  precaution  taken  to  avoid 
accidental  contamination;  but  the  same  general  results  were 
always  obtained. 


Culture  No.  i.s;  temp.  21°  C.     Control:  7471  after  2.5  mm.,  6627 

after  5.5  min. 
Staph,  in  poison 

10       20       30       40       50       60       70       S2       97   117   min. 
0.60' ,  phenol 

5844  5791   ,5955  3914  -810  2535   18S0   1623     616     57    col. 
Hquivalent 

7955  f'.?5i   7573  6151   538S  5476  5371   44S4   1209  72S    col. 

Culture  \o.  19;  temp.  23  27°  C.     Control:  3882,  5017  colonies 
.^/ci/i/i.  in  poison  10       20       3040     50  71.5  87.5   102.  5  min. 

ii.f'o',  phenol  576         o         o     -       o  o         0        <>   col. 

o.6(/ ,  equivalent       32931391    1389  --  647        371      lo.;       ^ok.I. 
0.70',  equivalent       171S    1256     627  84        i  10         o   col. 

Culture  No.  20;  temp.  23.5.     Control:  3728,  6713  colonies. 
>tdpli.  in  poison 

'"       -o       30       4'>       5"       '«)  7.S-.S       91    ">=;    121    min. 
o.'io  ,  pheno! 

4",VS     838         6         2         o         (J         ,)         I)       ,,       ,,   col. 
Ivi|ui\alent 

''7''-  547.3  .i5o<'  ,>94''  ,i7s,S    ")<>')   '97^    ii)<),S  ,v89   170   col. 

i-iilture  .\o.  21,  temi).  23.5^  C.     Control:   W>i<>,  7^1;/)  colonies. 
>uip':.  in  poison 

'"       -"       .3"       41)       s"       '"»       75       90     los    120  mill, 
"  i"i'  ,  piieuol  111 

I2,S4       3S3  -4  Tj  ,)  ,,  ,,  ,,  ,,         II     j.,|] 

"  I"'' ,  phenol  (2) 

7''.i       -  1         0         "         o         c)         0       0   c,il. 

i.'lin-  .ileiit 

7.^19   37-8   4811    461)4   4i;,7   3710    1654    Kkk)    1331)   332    col. 

•vulture  \o.  j2:  temp.  22   2.["  C.     Control;     avj;.  6470  colonies 
:  ■'"  '   ill  ]"iisoii 

'-'         -O         30         41)         ^1)         fio         75         i„,       1,,^       ,_,,,    ,„i„ 
"  '•"'  •   phenol 

^7-'>   24.S2     33,S  ',         0         o         0         0         0         0   col. 

:nr.  iilent 

74. vi  '>3''4  5833   3454  54'i5  5<>9I    4'ii4   28(h)  2'>i")    i  i  |(,    col. 
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Culture  No.  23;  temp.   23-27°  C.     Control:  avg.  6250  colonies 
Staph,  in  poison 

10      20      30      40      50      60  75      90     105  120  mill. 
0.60']' t  phenol  (i) 

4391   1745         I         0000000  col. 
o.6<j'"c  phenol  (2) 

3882   1852     317         2         o        00        o        00  col. 
Equivalent 

6619  5537  4968  4960  4028  3946  —    1728   1209  440   col 

Culture  No.  24;  temp.  22.5-25°  C.     Control:  9835,  10424  colonies 
Staph,  in  poison       10       20       30      40    50  60  75  90  105   120  min. 

o  col. 

o  col. 

o  col 


o.6o'7  phenol  d)  5727  4646   1146  104       2     o     o     o  o 

0.60' ;  phenol  (2)  7637       —  2819  —    40     I     o    o  o 

0.54' ;  phenol       5307  4072   2545  5tx3       3000  o 
0.60' ,'  ctiuivalent 

8037  4455       —  '464  272  21     5     o  o 


O  col. 


Culture  \().  25:  temp.    20.5  24.5°  C.     Control:  avg.  11137 
Stiiph.  in  iM)i- 

son  10       20       30       40     50     60  75  90   105   120  mil:. 

i).6u' ,   ])htn<)l      9164  7510  2927     305        I        0     o     o       o       o  eel 
().(h)'  ,  f(|uiva- 

lent  S7S2  851)1   4136     955     83       100       o       o  c  '1. 

0.54',  phenol     8973  85VI    771K)  5918  580  109     5     0       0      o  O'l 

Culture  \<>.  27;  temj).    23   24°  C.     Control:  avg.  9673  colonies 
Sitiph.  in 

|X)ison  II        21        22       30       40       50     (h)  75  90  105  mill 

0.60',  plieiiot  <)<)37  7SJS  (i()i()   i85C>   104.1.  425      I      o       o  col 

li(|ni\aleiit      77<h)  5155  2757    i(>S(>     636  283  (13  2()       o  cnl 

Culture  No.  yy.  teni]).    n;   25^  C.     Control:    avg.  10163  colonie-- 

.'^tiipl:.  in  poison  10       20       30       40     50     Ck)  75  <)o   105  ii!::i 

u.dii'  I   ))lieUol  Kilcxj   7541    '174')   2227   573    127      4      o       o  e.  !. 

iMluiviileiit  loHK)  53<K)  2227        11      V)      15      1      "       <>  '■'•■'• 


Towards  Culture  Xo.  30,  wliire  the  unsteadiness  of  tht 
teiiii)iratiiri'  renders  conclusions  uncirtaiii.  the  equivali  :it 
solution  was  more  toxic  than  the  o.()0  percent  phenol,  in 
e\erv  olliir  cast,  the  c(|ui\ak'iit  ])n)\cd  less  toxic  (.fin 
\erv  nruh  less  toxic  than  the  pure  phenol  solution.  In  iln 
case  of  \o  19.  tin-  solution  containing  0.60  percent  jilur.nl 
was  e\eii  more  toxic  than  a  solution  containing  more  ])lu;:iil 
and  sa!t  as  well,  viz.,  "the  0.70  jiercent  e(|ui\alent"  ().()i  pcrc.  :it 
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phenol  +  2.0  percent  salt;  similarly  with  No.  24,  a  solution 
containing  0.54  percent  phenol  proved  more  toxic  than  one 
containing  0.54  percent  phenol  +  2.0  percent  salt,  but  with 
No.  25,  the  reverse  was  the  case.  Towards  culture  No.  25, 
the  0.60  percent  phenol  was  distinctly  more  toxic  than  the 
0.54  percent  phenol  solution,  while  towards  No.  24  there  was 
no  great  difference,  in  the  behaviour  of  the  two  solutions. 

Summary 

My  experiments  with  anthrax  spores  show  that  the  in- 
creased toxicity  observed  on  adding  salt  to  a  phenol  solution 
is  in  accordance  with  the  assumption  that  two  solutions  of 
phenol,  with  or  without  salt,  are  equally  toxic  if  their  com- 
positions are  such  that  both  would  be  in  equilibrium  with  the 
same  solution  of  phenol  in  toluene.  The  experiments  with 
staphylococcus,  however,  in  which  lower  concentration 
plienol  were  employed,  show  that  while  the  asumption 
fairly  in  accord  with  the  behaviour  of  o  80  percent  pheno., 
in  the  case  of  0.60  percent  phenol  the  chemically  equivalent 
solution  containing  salt  is  much  less  toxic;  0.70  percent  i)henol 
oceupiis  an  intennediate  position. 

Every  care  has  been  taken  to  avoid  accidental  contami- 
nation of  the  vessels,  and  accidents  in  making  up  the  solu- 
tions: and  in  view  of  the  large  imml)er  of  corroborative  ex- 
prrinunts,  the  general  result  must  be  regarded  as  well  es- 
tahlishid;  but  I  have  had  no  time  to  look  farther  into  its 
raust'. 

/  l:r  I'tiiwrsily  of  1',:r<,nU' 
Jlirii-,  /pjy 


UNIVERSITY  OF  TORONTO  STUDIES 
Papers  from  the  Chemical  Laboratories 


No.  91  :  Experimental  determination  of  binodai  curves,  plait 
points,  and  tie  lines,  in  fifty  systems,  each  consistinjj  of 
water  and  two  organic  liquids,  by  Wai.ticr  I).  BoNstR.    o.  ^5 

No.  92:  Mathematical  theory  of  the  chan{,'es  of  concentration 
at  the  electrode.  Professors  T.  R.  Rosehri  c.ll  and  \V. 
Lash  Miller _  .„ 

* O.  j'J 

No.  93:  The  behaviour  of  copper  anodes  in  chloride  solutions, 

by  S.    l'>usii.\iAN '    Q  , . 

No.  94:  The  chemical  philosophy  of  the  lli},'h  School  text- 
books, by  Professor  W.  Lash  Mh.mck 0.2- 

.N'o.  95:   Lantern  experiments  on  reactions  in  non-hcnioyeneous 

systems,  by  Fra.nk  B.    Ki;.\ruk „  _,- 

No.  96;  Soniel         '  "-xperinients  on  surface  tension,  bv  Fra.nk 

B.   Kenri       ■  ,,  ,. 

t-'.  -  .^ 

No.  97;  The  phthaiyl  cyanides,  by  GiUDs  Blaikstock o.  j- 

.\o.  9S:  The  influence  of  diffusion  on  electromotive  .'orce  pro- 
duced in  solutions  by  centiifu^'al  action,  bv  Prolessor 
W.  Lash  Mh.ler \ „  , . 

No.  99:   Hyperbasis,  h\  Professor  Fra.nk  B.   Ke.nrkk i^jl; 

.\o.  100:  Klectrodeposition  of  Metals,    bv  Professor   W.    Lasii 

Miller ' ^  ^. 

No.  101  :  Determination  of  free  cyanide  in  cyanide  copper  and 
brass     baths,     by   J.    T.     BtRr-GERRANs    and  G.    C. 

MORRISO.V . 

No.   102:  The   rate  of   dissociation    of   nitrojfen    peroxide,    bv 

VV.  L.  Argo ■     ^  , . 

No.    103:    Researches    in     Physical    Chemistrv,    No.     \'1I,    bv 

Professors  W.  Lash  Miller  and  Frank  B.  Kknrick.    0.2, 

No.  104 :  Friedel  and  Crafts'  reaction  -  the  preparation  o\  ortlio 
benzoyl-benzoic  acid  and  benzophenone,  bv  C.  R 
RiBiDc-.E  and  N.   C.    Qia '  '    „  _. - 

No.  105:  Studies  on   Filtration,  bv   Professor  j.   \V.   Bain  and 

A.   F.   Wici.E .' Q  , . 

No.  106:  The  distribution  of  colloidal  arsenious  sulphide  be- 
tween the  two  liquid  phases  in  the  svstem  water, 
ether,  alcohol,  by  Harry  P.   Corllss.  .' 0.2- 

No.  107 :  On  the  formation  of  a  badly  conducting  film  on  copper 
anodes    in    copper    cvanide    solutions,    bv    W.    L\sii 

.Miller 

"■■25 

■No.  loH:  Orthobc.zoyl-benzovl  chloride,  by  H.  C.  Martin.  ...  1 

No.  109:  The  methyl  ester   of  orthobenzoyl-berzoic   acid,    bv   o  -c 

r.    C.     McMuLLEN ' 


■, ';( 


I 


1, '" 

i  w 

I! 


m\ 


^rae 


No. 


No. 

Ill 

No. 

... 

No. 

*  ^  ?> 

No. 

"4 

No. 

'  '.>■ 

:  The  action  of  a  .solution  of  potassium  hydroxide  in 
;ilcohol    on    oxalic    esters,    by    N.    C.    Qua    ,\nd    D. 

Mc[,.\RF..N ....      0.25 

:  The  effect  of  chlorine  on  periodic  precipitation,  by 
Miss  A.  \V.  I'osTiiR      0.25 

:  The  scaltcriny:  of  lijjht  by  dust-free  liquids,  by  VV.  H. 
Nt.ARTiN 0.25 

:  Friedel  and  Crafts'  reaction — nitrophlhalic  anhydrides 
and  acetylamino-phthalic  anhydrides  with  benzene  and 
aluminum  chloride,  by  VV.  A.  Lawkance 0.25 

;  Toxicity  and  chemical  potential,  by  W.  Lash  Miller   0.25 

:  The  toxicity  towards  anthrax  and  staphylococcus  ot 
solutions  containing  phenol  and  sodium  cMoride,  by 
J.  S.   I  •  MON.  .  0.25 


^-: 


